Bee species diversity and pollen sources of Apidae (Hymenoptera) 
INTRODUCTION
Habitat destruction is 4 of the main threats to biodiversity (Ney-Nifle & Mangel 2000) . In Thailand, during the severe degradation of forests over the past 5 decades, most of the forest area has been experienced for timber exploitation, agricultural purposes and urbanization. Thus, many protected areas have been designated in order to protect Thailand's biodiversity since 1962. The national parks in lower northern Thailand are mountainous and covered with many different types of forests e.g. deciduous forest (DF), deciduous dipterocarp forest (DDF), seasonal evergreen forest (SEF), evergreen forest (EF), dipterocarp -pine forest (DPF) and mixed evergreen-deciduous forest (MEDF) (Maxwell 2004) . The DF, DDF, SEF and DPF are the main vegetation ecosystems found in this area. Thung Salaeng Luang National Park, established in 1963 as Thailand's 3rd national park and the 3rd largest of them, is also 1 of the most abundant forests (DNP 2010) . This national park was chosen as study areas to represent 4 dominant forest types (DF, DDF, SEF and DPF) from the lower northern Thailand. The national park is situated between latitudes 16° 25' -16° 57' N and longitudes 100° 37' -101° 00' E. The park has an area of 1262.55 sq km and an elevation of approximately 700-860 m above sea level, covering Phitsanulok and Phetchabun provinces in lower northern Thailand (DNP 2010; Nakwa et al. 2008) . The previous studies of biodiversity have reported that many species of plants and mushrooms have been recorded and still found in the park (Kaewkrom et al. 2007; Mytnik-Ejsmont & Baranow 2010; Prajaksood et al. 2012) . Furthermore, many new species of insects have also been found in this national park (Hippa 2011; Pauly 2012; Tian et al. 2012) . The national park has several different kinds of forest types which can support more species of bees than single facies (Holzschuh et al. 2007; Hoover & Parker 1991) .
Bees are the major insect pollinators in Thailand's forests (Jongjitvimol & Wattanachaiyingcharoen 2006; Warrit 2007 ) and economic crops in Thailand (Boonithee et al. 1991) . Native bee pollinators consist of honey bees, stingless bees and bumble bees (Michener 2007) . Several studies have reported that the pollen grains were collected by several bees in Thailand (Boongird & Michener 2010; Burgett et al. 2005; Tangmitcharoen et al. 2006) . However, there is a lack of information on bee pollinators and pollen sources in the forest of lower northern Thailand. In this study, Thung Salaeng Luang National Park was chosen as the study area for investigating pollen sources of the native bee pollinators (Hymenoptera: Apidae) and the important to their species diversity.
The results can furnish beneficial knowledge on species assemblage of native hymenopterans as pollinators and their food plants in 4 different dominant forest types from the lower northern Thailand. This knowledge will be useful for further biological studies such as systematic studies and sustainable conservation of native bee pollinators in Thailand and other parts of this region.
MATERIALS AND METHODS

RESEARCH SITE
This research was done in Thung Salaeng Luang National Park, Phitsanulok and Phetchabun provinces from January 2011 to December 2012. A study trail in each forest type, made by experienced park staffs, was used for surveys and sample collection. The detailed descriptions of 4 trails are given below: The DF site is located at Kaeng Sopha Waterfall (elevation 400 m, 16° 53' 16" N and 100° 49' 44" E) . The DDF site is located at Nong Mae Na (elevation 700 m, 16° 36' 24" N and 100° 53' 39" E) . The SEF site is located at the national park office, Huai Hia (elevation 700 m, 16° 51' 4" N and 100° 52' 45" E). The DPF site is located at Yang Thon (elevation 900 m, 16° 47' 25" N and 100° 59' 4" E). The sampling areas in each forest type were 500 m long and 2 m wide on either side of the trail (2000 sq m).
SAMPLE COLLECTION
Native bee pollinators and pollen samples were collected from each forest type between 09.00 am and 04.00 pm at least once a month, depending on flowering phenology during 2011 to 2012. The sampling areas in each forest type were studies by random sampling and line transects (Krebs 1999) . The sampling techniques were sweep net sampling for bees and hand collection for pollens and flowering plants. The honey bait traps were also used to support the purpose for documenting bee species. Plastic Petri dishes (8.5 cm diameter) containing 20 mL of 50% (v/v) honey solution was used to attract bees. The baits were placed for 30 min on the ground of every 20 m along the trail to attract bees. Pollen and bee samples were preserved in 70% (v/v) ethanol. Tree and plant specimens were collected for identification. Field notes included location, habitat and other details were recorded.
SAMPLE IDENTIFICATION
The insect samples of each species were divided into 2 groups. The first group was preserved as dried specimens and used for further identification (Hatch 1926) . The second group was kept in 70% ethanol solution at Pibulsongkram Rajabhat University (PSRU), Phitsanulok. The specimens were identified using keys from Michener (2007), Michener and Boongird (2004) , Sakagami et al. (1990) , Schwarz (1939) and Yamane et al. (1999) . Most specimens were confirmed by comparing with the insects deposited in the Naresuan University (NU) museum, Phitsanulok. All voucher specimens of insects were collected and deposited in the Entomology Laboratory, PSRU. Pollen was taken from pollen baskets of forager bees and flower buds. All samples were prepared by the standard acetolysis method (Erdtman 1960) . A pollen key for the local flowering plants was constructed by using pollen grains collected from flower bud and a photograph from a scanning electron microscope (SEM, Leo 1455VP) at NU. Pollen preparation for SEM, acetolysed pollen grains in 70% ethanol solution were mounted on aluminum stubs with double-sided cellophane tape, then air-dried at room temperature. All specimens were coated with gold before SEM study. Having developed the pollen key of this national park, we identified the species of pollen carried by returning forager bees. This pollen was mounted in glycerin jelly for light microscopic (LM) observation. Pollen measurements and morphological observations were analyzed by an Olympus BX-41 microscope at PSRU. Flower visited by native bee pollinators and other plant species were identified at Kasetsart University (KU), Kam Phaeng Saen Campus (KPS), Nakhon Pathom. Finally, the specimen identification was confirmed by comparing them with specimens in Bangkok Herbarium (BK), Forest Herbarium (BKF) and Chulalongkorn University Herbarium (BCU). All voucher herbarium specimens and pollens were deposited in the Botany Laboratory at KU (KPS).
DATA ANALYSES
A list of bee and vascular plant species was made for each forest type. Species composition and species structure indices are calculated to indicate the bee species structure in each forest type. Shannon-Wiener index, H' indicates the bee diversity living in the forest which based on the number of bee species within a site and the relative abundance of each bee species (Magurran 1988 ). Pielou's index, J' or the species evenness was used for determining the relative abundance or individual distribution among the different communities (Ludwig & Reynolds 1988 ). Simpson's index, D or species richness was used for determining the dominant species in each area (Simpson 1949 ). Sorensen's similarity coefficient, S s , the similarity index was used for comparing which species are shared between 2 communities (Sorensen 1948) . A rarefaction model was also used to compare insect diversity among these forest types. The rarefaction value of 95% confidence interval was computed by EcoSim version 7.72 software (Gotelli & Entsminger 2004) . Subsequently, the values of all forest types were plotted as a function of sampling effort. With this plot, significant difference in species diversity was indicated by an absence of overlap in the confidence interval of rarefaction curves among 4 different forest types at maximum sampling effort (Colwell et al. 2004 ).
RESULTS
A total of 22 species with 4,464 individuals of bee pollinators (Apidae) were recorded in 4 forest types. These were classified into 12 genera in 4 subfamilies: Anthophorinae (4 species), Xylocopinae (5 species), Apinae (4 species) and Meliponinae (12 species) ( Table  1 ). The total numbers of hymenopteran species in each forest type from highest to lowest were 20 species in DF, 17 species in DDF, 15 species in SEF and 11 species in DPF, respectively. All voucher specimens were deposited at the Entomology Laboratory, PSRU.
The species diversity (Shannon-Wiener index), the species evenness (Pielou's indices) and the dominance index (Simpson's index) of all 4 forest types were relatively high (Table 2) . DF showed the highest number of species diversity (H' = 2.790), whereas the lowest number was found in the DPF (H' = 2.158). These data were supported by the number of bee species in each forest type. The Pielou's index was highest in DDF (J' = 0.954) and lowest in DPF (J' = 0.900). The dominance index correlated with the Shannon-Wiener index. DF had the highest value (D = 0.933) while the DPF had the lowest value (D = 0.873). The detail of species structure index from the 4 forest types is shown in Table 2 . The Sorensen's similarity coefficient compared among the 4 forest types indicated that different forest habitats influenced bee's species structure. Most similarity measurements were higher than 0.5, except between SEF and DPF (S s = 0.462) and the most similar habitats were DF and DDF (0.865) ( Table 3) . The species accumulation curves (both observed and expected) of all forest types were consistent when the survey stopped (Figure 1) . Pollens collected by all native bees were 62 species in 28 families (Table 4) . Several plant species (14 species) were non-native plant species of Thailand and many occurred in disturbed areas. The family Fabaceae (Leguminosae) was the largest number (9 species). The main food source of bees was Hopea odorata (Dipterocarpeceae), which was found in both DF and SEF and Thunbergia laurifolia were the second most common pollen species collected by native bees (Figure 2) .
The dwarf honey bee, Apis florea, carried pollen of 46 plant species -the highest number of all species. The stingless bee, Tetragonula fuscobalteata, was the second highest pollen carrier with 44 plant species found. The stingless bee, Tetragonilla collina was the third highest pollen carrier with collection of 37 plant species. Mostly, bees collected pollen from Hopea odorata (19 bee species, 86.36%) and Thunbergia laurifolia (18 bee species, 81.82%) whereas the pollen of Croton poilanei, Suregada multiflora and Mimosa pudica were collected by 15 bee species (68.18%). Some plant species were found in all forest types e.g. Ageratum conyzoides, Chromolaena odorata and Clerodendrum infortunatum, but these species were not popular for bees. Moreover, pollen of 11 plant species e.g. Oxyceros horridus and Pavetta indica were rarely collected by a few bee species (Table 5) .
DISCUSSIONS AND CONCLUSION
Apidae is the most important family of hymenopteran pollinators in Thailand. These bees are considered as the most important pollinators for many introduced and indigenous plants in Thailand e.g. teak trees (Tectona grandis) (Tangmitcharoen et al. 2009 ) and physic nuts (Jatropha curcas) (Inson & Malaipan 2011) . Of all the 62 plant species, Apis florea collected the highest number of pollen species (46 species). It is probable that this bee has a small body size and widespread across mainland Asia with the elevations range from sea level to approximately 2000 m (Hepburn & Radloft 2011) . Thus, this bee has successfully occupied in all types of habitat (Table  5) . It might be possible that this plant species was more general and was more attractive to a variety of insect pollinators. In contrast, some plants were specific to bee species that was visited by only few species of bee pollinators. For example, Oxyceros horridus and Pavetta indica were pollinated by 2 species of stingless bees (Tetragonula fuscobalteata and Tetragonula minor). Farkas and Orosz-Kovács (2004) explained that insect pollinators are attracted to flowers by their shape, size, and color. In addition, not only Apis florea was most commonly found but Tetragonula fuscobalteata and Tetragonilla collina were also involved with many plant species which were found in all forest types. Herein, 3 native bees are considered as most important of insect pollinators (Inson & Malaipan 2011; Jongjitvimol & Wattanachaiyingcharoen 2006) . All plant species found in each forest type were clearly different (Table 4 ). Thus, there were different in species richness, abundance, diversity or evenness among the 4 forest types (Tables 1 and 2 ). Generally the higher number of plant species will lead to more biodiversity of pollinators (Blüthgen & Klein 2011; Fontaine et al. 2006) . In this study, the number of bee species (Table 1) was not related with the number of plant species (Table  4) . Although in the DF we recorded the lower number of plant species (28 species) than in the SEF (37 species), in the DF showed higher number of bee species (20 species) while in the SEF only 15 species of bees were observed. From these different results, it is plausible that bee species diversity could be affected by some physical factor, for instance, forest disturbance, forest fire or dryness (Kambach et al. 2013 ). Thus, relationship between insect pollinators and seasonal change of physical factors in light intensities, temperatures and precipitations should be involved for further studies.
